A novel Gram-stain-negative, aerobic and rod-shaped marine bacterium, designated strain HMF4135 T , was isolated from a sand sample which was collected from the seashore of the South Sea, Republic of Korea. It required NaCl for growth and exhibited optimal growth at 30 C, with 2 % (w/v) NaCl and at pH 7-8. Cellular fatty acids were dominated by C 16 : 0 , summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c), C 16 : 1 !9c and C 12 : 0 3-OH. The predominant isoprenoid quinone was ubiquinone-8 (Q-8). Polar lipids consisted of phosphatidylglycerol and phosphatidylethanolamine. The DNA G+C content was 41.9 mol%. Phylogeny based on 16S rRNA gene sequences showed that strain HMF4135
The genus Thalassotalea, together with the genera Colwellia and Thalassomonas, forms a distinct phylogenetic lineage in the family Colwelliaceae within the class Gammaproteobacteria. The family Colwelliaceae was first described by Ivanova et al. [1] as a large clade of marine bacteria located within the class Gammaproteobacteria [2] . The genus Thalassotalea was proposed by Zhang et al. [3] with the description of Thalassotalea piscium, and the reclassification of four species: Thalassotalea ganghwensis, T. loyana, T. agarivorans and T. agariperforans. The descriprion of the genus was subsequently emended by Park et al. [4] and Hou et al. [5] . Members of the genus Thalassotalea are generally characterized as being Gram-stain-negative, aerobic or facultatively anaerobic, chemo-organotrophic rods, motile by a single polar flagellum or non-motile. They are positive for oxidase and catalase. The predominant ubiquinone is Q-8. The major fatty acids are C 16 : 0 and summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c). The DNA G+C content is 37.0-45.1 mol% [4, 6] . The genus Thalassotalea currently contains 11 recognized species, T. agariperforans, T. agarivorans, T. eurytherma, T. fusca, T. ganghwensis, T. loyana, T. marina, T. piscium, T. ponticola, T. montiporae and T. euphylliae [3] [4] [5] [6] [7] [8] . Most members of the genus Thalassotalea have been isolated from marine environments, including seawater, marine sand and tidal flat, and some species have been isolated from marine animals such as diverse corals and gill of cultured flounder [6] .
In this study, a novel bacterium, strain HMF4135
T , resembling members of the genus Thalassotalea, was isolated from seashore sand in Jeju, Republic of Korea, during a survey of its bacterial diversity, and its taxonomic position was investigated using a polyphasic approach.
Strain HMF4135
T was isolated from sand of a seashore, located on the South Sea in Jeju, Republic of Korea (33 26¢ 05¢ N 126 55¢ 24¢ E). For isolation of bacteria, 1 g of sand sample was suspended in 10 ml of sterile 2 % (w/v) NaCl solution and vortexed for 1 min. The dispersed suspension was diluted serially in 2 % (w/v) saline water, spread on marine agar (MA; Difco) plates and incubated at 30 C for 7 days. Out of different colony morphotypes that appeared, one cream-coloured colony was selected and characterized. A single colony was purified by sub-culturing. Sub-cultivation of the isolate was carried out on MA at 30 C. The strain was preserved at À80 C in modified marine broth (MB) supplemented with 20 % (v/v) glycerol and lyophilized in 20 % (w/v) skimmed milk.
To identify the taxonomic status of the isolates, 16S rRNA gene sequences was amplified by PCR using universal primers (27F and 1492R) [9] . The PCR product was purified and sequenced by sequencing primers (27F, 518R, 785F and 1492R) [9] with an ABI 3730XL DNA sequencer (Applied Biosystems) at Biofact (Daejeon, Republic of Korea). On the basis of 16S rRNA sequence data, the isolate was identified using the EzTaxon-e server (www.ezbiocloud.net/eztaxon) [10] and BLAST search program at the NCBI website (http:// blast.ncbi.nlm.nih.gov/Blast.cgi). A phylogenetic tree was reconstructed by using the software package MEGA version 6 [11] , after multiple alignments of the data via the SILVA Incremental Aligner [12] . Phylogenetic trees were reconstructed with the neighbour-joining [13] , maximum-likelihood [14] and maximum-parsimony [15] methods. Tree topology was re-examined by the bootstrap method of resampling [16] using 1000 replications.
The almost-complete 16S rRNA gene sequence of strain HMF4135
T determined in this study comprised 1479 bp. Pairwise alignment of 16S rRNA gene sequences showed that strain HMF4135
T was related to the genus Thalassotalea with sequence similarity values of 94.3-96.4 %, and was most closely related to T. ponticola GJSW-36 T (96.4 %). In the neighbour-joining phylogenetic tree, strain HMF4135 T was related to members of the genus Thalassotalea within the family Colwelliaceae and clustered with T. ponticola GJSW-36 T , which was supported by a bootstrap resampling value of 83 % (Fig. 1) . The relationship between strain HMF4135 T and T. ponticola GJSW-36 T was also maintained in the tree topology reconstructed using the maximumlikelihood algorithm (Fig. 1 Gram staining was carried out as described by Hucker [17] . Gliding motility was investigated using the hanging-drop technique [18] . Cell morphology and flagellation were observed by light microscopy and transmission electron microscopy (LIBRA120; Carl Zeiss) after negative staining with 1 % (w/v) phosphotungstic acid. Colony morphology was examined following growth of the strain on MA at 30 C for 3 days. The temperature range for growth was determined on the basis of colony formation on MA plates incubated at 4, 10-30 (at intervals of 5 C), 37 and 42 C. Growth at pH 4.0-10.0 (at intervals of 1.0 unit) was measured in MB using three different buffers (final concentration, 0.1 M): sodium acetate buffer (for pH 4.0-6.0), sodium phosphate buffer (for pH 7.0 and 8.0) and sodium carbonate buffer (for pH 9.0 and 10.0). Growth at different NaCl concentrations was determined in modified marine broth with final NaCl concentrations of 0-2.0 % (w/v, at intervals of 0.5 %) and 3.0-13.0 % (w/v, at intervals of 1.0 %). Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 solution. Oxidase activity was evaluated via the oxidation of 1 % (w/v) N,N,N¢,N-tetramethyl-p-phenylenediamine dihydrochloride (Sigma). Growth under anaerobic conditions was determined by incubation on MA in the GasPak EZ anaerobic container system (BD) at 30 C for 4 weeks. Growth was assessed on various bacteriological media, including R2A agar (Difco), nutrient agar (NA; Difco), MA, tryptic soy agar (TSA; Difco), blood agar (Difco) and MacConkey agar (Difco) C. Carbon-source utilization and enzyme activities were tested by using API 20NE, API ZYM (bioM erieux) and GN2 MicroPlates (Biolog) according to the manufacturer's instructions except that the inocula were prepared by suspending cells in 2 % (w/v) NaCl solution. Antibiotic susceptibilities were tested on MA plates at 30 C for 3 days with the paper disc method. The discs (Liofilchem) contained the following antibiotics (µg per disc, except where indicated): ampicillin (10), chloramphenicol (30), erythromycin (15), gentamycin (10), kanamycin (30), penicillin G (10 IU), rifampicin (30), streptomycin (10), tetracycline (30) and vancomycin (30). Susceptibility to antibiotics was interpreted according to the CLSI [19] criteria for the family Enterobacteriaceae.
Genomic DNA was extracted using a Bacteria Genomic DNA prep kit (Solgent) to determine the DNA G+C content of strain HMF4135
T . DNA was analysed using a real-time PCR thermocycler (Bio-Rad) with SYBR Green 1 (SG 1; Invitrogen), according to the fluorometric method [20] . Fluorescent DNA melting curves were generated in triplicate. The DNA G+C content of strain HMF4135
T was 41.9 mol%, a value that lies within the range reported for members of the genus Thalassotalea [4, 6] . Other phenotypic characteristics of strain HMF4135
T are summarized in the species description. Selected characteristics that differentiate strain HMF4135
T from the related type strains are shown in Table 1 . Strain HMF4135
T could be distinguished from the four reference strains by the lack of growth in the presence of 1 and 5 % (w/v) NaCl, utilization of some sole carbon sources and activities of enzymes (Table 1) .
Cell biomass for fatty acid, respiratory quinone and polar lipid analyses was obtained by cultivation on MA at 30 C for 3 days. Cells were harvested in the mid-exponential growth phase. The whole-cell fatty acid composition of strain HMF4135
T was determined according to the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.1). Extracts were analysed using a Hewlett Packard model 7890 gas chromatograph. Fatty acid peaks were identified using the RTSBA6 database of the Microbial Identificaion System [21] . The cellular fatty acid profile of strain HMF4135
T was compared with those of the four reference strains, which are presented in Table 2 . The major fatty acids (>10 %) of strain HMF4135
T were C 16 : 0 , summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c), C 16 : 1 !9c and C 12 : 0 3-OH. The major fatty acids of strain HMF4135
T and the reference strains were similar, although there were differences in the amounts and presence of some fatty acids, particularly C 16 : 1 !9c, C 17 : 1 !8c, C 18 : 1 !9c, C 12 : 0 3-OH and summed feature 3. C 16 : 0 and summed feature 3 were the common and the most abundant fatty acids both in strain HMF4135
T and in the type strains of all species of the genus Thalassotalea. The proportion of C 18 : 1 !9c in strain HMF4135 T was relatively higher than in all Thalassotalea species [3, 6] .
The respiratory quinones and polar lipids of strain HMF4135 T were extracted from freeze-dried cells as described by Minnikin et al. [22] . The crude quinone compound was purified using a preparative TLC method and analysed using reversedphase HPLC [23] . Polar lipids were separated by twodimensional TLC (plate coated with silica gel, 10Â10 cm; Merck) and identified by spraying with appropriate detection reagents. Total lipids were detected using 10 % ethanolic molybdophosphoric acid (Sigma) and defined functional groups were identified by spraying with ninhydrin (Sigma), anaphthol, molybdenum blue (Sigma) and Dragendorff's reagents (Merck) [22, 24] . The isoprenoid quinones of strain HMF4135
T consisted of Q-8 (98.1 %), Q-9 (1.1 %) and Q-10
Colwellia rossensis ACAM 608 T (U14581)
Colwellia psychrotropica ACAM 179 T (U85846)
Colwellia maris ABE-1 T (AB002630)

Colwellia piezophila Y223G T (AB094412)
Colwellia psychrerythraea 34H (CP000083)
Colwellia psychrerythraea ACAM 550 T (AF001375)
Colwellia hornerae ACAM 607 T (U85847)
Colwellia asteriadis KMD 002 T (EU599214)
Colwellia demingiae ACAM 459 T (U85845)
Colwellia meonggei MA1-3 T (KF193862)
Colwellia aquaemaris S1 T (JQ948043)
Colwellia aestuarii SMK-10 T (DQ055844)
Colwellia polaris 537 T (DQ007434)
Colwellia chukchiensis BCw111 T (FJ889599)
Thalassomonas haliotis A5K-61 T (AB369381)
Thalassomonas viridans XOM25 T (JYNJ01000099)
Thalassomonas actiniarum A5K-106 T (JYNI01000103)
Thalassotalea litorea HMF4135 T (KU853009)
Thalassotalea ponticola GJSW-36 T (KJ939338)
Thalassotalea loyana CBMAI 722 T (AY643537)
Thalassotalea eurytherma Za6a-12 T (JQ288724)
Thalassotalea agarivorans TMA1 T (DQ212914)
Thalassotalea agariperforans M-M1 T (HM237288)
Thalassotalea piscium T202 T (JX412957)
Thalassotalea fusca G-MB1 T (KF484399)
Thalassotalea marina QBLM2 T (KT153611)
Thalassotalea ganghwensis JC2041 T (AY194066)
Thalassotalea euphylliae Eup-16 T (LN849949)
Thalassotalea montiporae CL-22 T (FJ347761)
Pseudoalteromonas ulvae UL12 T (AF172987)
Psychromonas heitensis AK15-027 T (AB365352)
Agarivorans litoreus GJSW-6 T (KJ729029) T to species of the genus Thalassotalea and representatives of the other genera in the family Colwelliaceae. Bootstrap percentages (!70 %) are shown at nodes. Filled circles indicate that the corresponding nodes were also recovered in the trees generated with the maximumlikelihood and maximum-parsimony algorithms. Open circles indicate that the corresponding nodes were also recovered in the tree generated with the maximum-likelihood algorithm. Pseudomonas aeruginosa DSM 50071
Agarivorans albus MKT 106 T (BARX01000062)
T was used as an outgroup. Bar, 0.01 substitutions per nucleotide position.
(0.8 %). The predominant isoprenoid quinone detected in strain HMF4135
T was Q-8, in line with that observed in all type strains of species of the genus Thalassotalea [3, 4] . Polar lipids of strain HMF4135
T were phosphatidylglycerol and phosphatidylethanolamine (Fig. S1 , available in the online supplementary file). The polar lipid profile of strain HMF4135 T matched that of T. ponticola GJSW-36 T and other species of the genus Thalassotalea in that phosphatidylglycerol and phosphatidylethanolamine were detected [4] . However, strain HMF4135
T differed from species of the genus Thalassotalea by the absence of several unidentified aminophospholipids, unidentified phospholipids, unidentified aminolipids and unidentified polar lipids [4] [5] [6] 8] .
Based on the characteristics from this polyphasic taxonomic study, strain HMF4135
T is considered to represent a novel species of the genus Thalassotalea, for which the name Thalassotalea litorea sp. nov. is proposed. T . All data are from this study, except for the DNA G+C content of the four reference strains. All strains are positive for oxidase and catalase activities; and alkaline phosphatase and leucine arylamidase activities. All strains are negative for indole production; glucose fermentation; arginine dihydrolase, urease, lipase (C14), valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities; and utilization of dextrin, glycogen ,  N-acetyl-D-galactosamine, N-acetyl-D-glucosamine, adonitol, L-arabinose, cellobiose, L-fucose, a-D-glucose, myo-inositol, lactulose, D 2.7 µm long. Colonies grown on MA agar plates are beige, approximately 1.0-1.2 mm in diameter, circular, smooth and convex with entire margins after 3 days of incubation at 30 C. Growth occurs at 10-30 C (optimum, 30 C), at pH 7-8 (optimum, pH 7.0) and in MB supplemented with 1.5-4.0 % (w/v) NaCl (optimum, 2 % NaCl). Growth is not observed on R2A agar, NA, TSA, blood agar or MacConkey agar. Casein (skimmed milk), DNA, starch, dextrin, CMcellulose and cellulose (filter paper) are not hydrolysed. Susceptible to ampicillin, chloramphenicol, erythromycin, gentamicin, penicillin G and rifampicin, but resistant to kanamycin, streptomycin, tetracycline and vancomycin. 
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